for the ACTG A5108 team Ã Background: Nelfinavir, an HIV protease inhibitor with numerous drug-drug interactions, is associated with dyslipidemia. Pravastatin is the preferred statin prescribed for HIV-associated dyslipidemia.
Introduction
Nelfinavir (NFV) is an HIV protease inhibitor (PI) that has demonstrated numerous drug-drug interactions and is also associated with dyslipidemia, which may require lipid-lowering therapy [1] . This therapy uses 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors known as statins. In a previous study, we demonstrated that simvastatin should not be used with ritonavir/ saquinavir because of the large increases in plasma concentrations from inhibition of CYP3A4 metabolism [2] . Similarly, atorvastatin exposure was also increased by CYP3A4 inhibitors [2, 3] . Pravastatin was likely to be safe when coadministered with ritonavir/saquinavir because, instead of an increase, we observed a 50% decrease in pravastatin area under the concentration-time curve (AUC). Although we also showed that pravastatin did not alter NFV pharmacokinetics, we did not examine the effect of NFV on pravastatin pharmacokinetics. More recently, we have demonstrated that a non-nucleoside reverse transcriptase inhibitor efavirenz, which is a CYP3A4 inducer, also reduced the plasma exposure of pravastatin [4] .
The mechanism by which these drugs reduce plasma exposure to pravastatin is unknown, but this drug-drug interaction is of concern because a reduction in pravastatin plasma concentration may adversely affect the drug's ability to lower serum cholesterol effectively. NFV is one of the few PI drugs in clinical use that is not usually combined with ritonavir, but NFV has a similar effect on the CYP enzymes as ritonavir in that it is an inhibitor of CYP3A4 but an inducer of other CYP isoforms. Pravastatin metabolism is complex, utilizing both oxidative and conjugative enzymes for elimination, but CYP3A4 is not a significant enzyme in its metabolism. This study examines the hypothesis that NFV would have a similar effect on pravastatin pharmacokinetics as ritonavir/saquinavir.
Methods
The AIDS Clinical Trials Group (ACTG) study A5108 was a phase I, open-label, multiple-dose, pharmacokinetic drug interaction study. The primary objectives were to examine the effect of efavirenz on the pharmacokinetics of pravastatin, atorvastatin, and simvastatin and the effect of NFV on the pharmacokinetics of pravastatin. The efavirenz-statin interactions were recently published [4] . The data presented here address the effect of NFV on the pharmacokinetics of pravastatin. At the time of this study design, NFV was the most commonly prescribed PI in antiretroviral-naive patients.
Subjects
Healthy HIV-seronegative volunteers were recruited. The planned sample size was 14 subjects. Subjects who did not complete both pharmacokinetics evaluations were replaced. Subjects were accrued to the NFV arm from August through December 2001.
Study design
Subjects self-administered pravastatin 40 mg daily in the morning for the first 3 days and on the fourth day pravastatin was administered under observation. Blood samples were obtained before drug administration as well as 0.5, 1, 2, 3, 4, 6, 8, 12, and 24 h after administration, for pravastatin pharmacokinetics. On days 4 through 12, subjects took NFV 1250 mg twice daily with meals. On days 13 through 15, subjects continued NFVand restarted pravastatin with the morning dose of NFV. On day 16, pravastatin and NFV doses were administered under observation and samples were collected over 24 h for pravastatin pharmacokinetics. Fasting serum total cholesterol, triglycerides, and high density lipoprotein concentrations were measured at baseline and on days 3, 13, and 16 using standard enzymatic assays. Low density lipoprotein (LDL) was calculated using the Friedewald equation. Adherence to study medications was measured using pill counts and questionnaires.
The human subjects committees of each participating institution and the Division of AIDS, National Institute of Allergy and Infectious Diseases, approved this study and informed consent was obtained from all subjects.
Pravastatin assay
Samples for pravastatin plasma concentrations were analyzed by Advion Biosciences Inc. (Ithaca, New York, USA) as previously published [2, 4] .
Statistical analyses
The primary endpoint was the pravastatin AUC from 0 to 24 h before and after coadministration of NFV. Values for AUC were estimated according to the linear trapezoidal rule [5] implemented using a macro written in SAS version 8.2 (SAS Institute, Cary, North Carolina, USA). There was no extrapolation beyond the dosing interval. The maximum plasma concentration (C max ), defined as the maximum concentration observed throughout the dosing interval, was also analyzed statistically. If both the 0 and 24 h concentrations or if both study day samples were unavailable for a given subject, pharmacokinetics parameters were not calculated. The Wilcoxon signed rank test [6] , applied to within-subject differences in AUC and in C max values, was used to test the null hypothesis of no difference in pravastatin exposure before initiation of NFV versus after dosing to steady state. Values of C max were of interest because high plasma concentrations of statins may be associated with toxicity [7] . Pravastatin exposure when taken with NFV relative to when taken alone, median within-subject differences, and 90% confidence intervals (CI) around geometric mean ratios are reported. The last are recommended by the US Food and Drug Administration to evaluate bioequivalence and drug interactions [8] .
Results
The study enrolled 18 subjects and three discontinued for protocol-defined toxicities: one had grade 2 bilirubin elevation owing to previously undiagnosed Gilbert's disease, one had grade 2 rash, and one had grade 2 creatine kinase elevation. A fourth subject was non-compliant and was discontinued from the study, leaving 14 subjects for whom pharmacokinetics data were available on both study days. Among the 14 subjects, two had grade 2 gastrointestinal complaints, one had grade 3 alanine aminotransferase and grade 2 aspartate aminotransferase on day 16, one had grade 2 fasting LDL elevation on day 13, and one had grade 2 skin eruptions on day 5 deemed unrelated to study medications. The population characteristics were a median age of 29 years, 50% women,79% white, 7% Latino, 7% African-American, and 7% Asian/ Pacific Islanders.
Plots of time-specific geometric mean concentrations of pravastatin with and without NFV are shown in Fig. 1 . Median pravastatin AUC values on days 3 and 16 were 86.5 and 46.8 ngÁh/ml, respectively ( Table 1 ). The P value indicated a high level of statistical significance for this difference. The median within-subject percentage change was a decrease of 46.5%, and the 90% CI around the geometric mean ratio was 0.46-0.65. Pravastatin C max values were also lower when pravastatin was administered with NFV. Median C max values were 27.9 and 12.4 ng/ml for days 3 and 16, respectively, and the median within-subject decrease was 40.1% ( Table 1) .
The median within-subject change in LDL, from baseline to day 13 (after 9 days of NFV administration), was an increase of 105 mg/l (mean, 144; 95% CI, 65-223). This change was significantly different from zero (P < 0.001,Wilcoxon signed rank test). Median (mean) changes after 3 days of pravastatin administration were À200 mg/l (mean, À195) from day 0 to day 3, and À155 mg/l (mean, À167) from day 13 to day 16, for a median difference in within-subject response to pravastatin of 28 mg/l (P ¼ 0.436, Wilcoxon signed rank). The percentage change in LDL during the two periods was also calculated because the baseline LDL was increased by NFV. After 3 days of pravastatin administration, the median changes were À19.7% (mean, À19.8) from day 0 to day 3, and À11.4% (mean, À14.2) from day 13 to day 16, for a median difference in within-subject response to pravastatin of 6.7% (mean, 5.5). This difference was not statistically significant (P ¼ 0.104,Wilcoxon signed rank test).
Discussion
The precise mechanism of HIV-associated dyslipidemia remains elusive [9] . Whether the dyslipidemia is a consequence of HIV itself, its resultant inflammation, or the adverse effects of medications, the fact remains that dyslipidemia is a common finding in HIV-infected individuals that warrants therapy. Interestingly, even in this study, the short-course administration of nelfinavir in healthy HIV-seronegative subjects was associated with a 105 mg/l median increase in LDL.
Pravastatin has become the preferred statin because of its lack of significant metabolism by P4503A4 and results from studies suggesting that pravastatin is safe and tolerable in patients taking potent antiretroviral therapy [10] . In our previous study, we demonstrated that ritonavir/saquinavir decreased the pravastatin median AUC by 50% [2] . In this study, NFV administration to steady state reduced the exposure to pravastatin by a median of 46.5%. Similarly, we have also demonstrated that efavirenz reduces the AUC of pravastatin [4] .This reduction in exposure may compromise the effectiveness of pravastatin in patients taking certain PI drugs or Fig. 1 . Geometric mean concentration of pravastatin at each scheduled sample time and under the two dosing conditions, without (day 3; --) and with (day 16; ---) coadminstration of nelfinavir. The 95% confidence intervals around the geometric means are also shown. Values presented represent those obtained when pravastatin was administered alone through day 3 and concomitantly with nelfinavir from days 4 to 16. Within-subject changes are those comparing pravastatin concentrations between day 3 and day 16. efavirenz. Although our study was not adequately powered nor designed to evaluate pravastatin's effectiveness in lowering LDL, we did note a trend suggesting that its effectiveness was reduced.
The mechanism by which pravastatin concentrations are reduced is not known. The metabolism of pravastatin is complex. Induction of non-CYP3A4 oxidation or glucuronidation may result in more rapid clearance of pravastatin. In addition, hepatic transporter OATP1B1 may participate in increased drug elimination [11] [12] [13] . Rifampin, which induces both CYP isoforms as well as some transporters, reduced pravastatin exposure by a mean of 30% without affecting C max [14] . However, the CYP3A4 inhibitors itraconazole and mibefradil had no significant effect on pravastatin AUC [15] . Gemfibrozil as well as ciclosporin have been shown to increase pravastatin exposure during concomitant administration, pointing to probable involvement of hepatic transporters in this drug-drug interaction [16, 17] . Regardless of the mechanism, the implication is that effectiveness of pravastatin may be reduced.
Clinical studies of pravastatin for the treatment of HIVassociated dyslipidemia have shown mixed results. For example, in a randomized trial of pravastatin versus fenofibrate for combined HIV-associated dyslipidemia, only 36% of subjects receiving 40 mg pravastatin daily met the LDL goal (median 20% decrease) and 18% met the triglyceride goal (median 13% decrease) by week 12 [18] . In contrast, in a randomized, open-label study comparing lipid-lowering therapy (pravastatin or bezafibrate) with a switch from PI drug to non-nucleoside reverse transcriptase inhibitors, Calza and colleagues [19] reported reductions in total cholesterol, LDL, and triglycerides of 45.8%, 39.5%, and 41.2%, respectively, after 20 mg pravastatin daily for 12 months. Interestingly, 55% of subjects receiving pravastatin had normal total cholesterol at 12 months. Benesic and colleagues [20] reported results for patients treated with pravastatin or fluvastatin. In 13 pravastatin-treated subjects (11 taking 10 mg pravastatin), a decrease in total cholesterol levels (from 7.12 to 6.29 mmol/l) after 12 weeks of therapy was reported. The reduction of LDL level was only 14.4% in the pravastatin group, without a significant reduction in triglycerides. None of these studies was specifically analyzed by the PI used to determine whether responses varied with specific PI drugs. It is also possible that dosing differences, adherence, or other factors may account for variations in efficacy reported.
In summary, pravastatin remains the statin of choice in HIV-infected persons taking antiretroviral therapy, given its safety profile compared with simvastatin and atorvastatin. The observed near 50% reduction in the pravastatin median AUC and a trend toward less reduction in LDL when coadministered with NFV suggest that higher doses of pravastatin may need to be prescribed to achieve optimal lipid-lowering activity. It remains unclear what the optimal dose of pravastatin is to achieve maximal lipid-lowering activity safely in HIVinfected individuals taking antiretroviral therapy. It is also possible that greater improvements in lipid levels may be observed if pravastatin doses are adjusted in the setting of agents that are known to induce reductions in concentrations. Further studies exploring the safety, tolerability, and efficacy of higher doses of pravastatin are warranted.
